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ABSTRACT 

This paper constitutes an analysis of ^Eon€\ Bee 
Ccnmnunication: An Enquiry into T%#o Concepts of Animal £ehav. c,^ a 
unit of classroom discussion modules developed by the Patterns of 
Enquiry Project at the Ontario Institute for studies in Education* ^ 
The conceptual framework of the analysis consists of four major 
items: (1) descriptive characteristics, (2) theoretical orientation, 
(3) instructional orientation, and (4) co|iiparis<m and evalttaticn. 
Various secticms of the unit are analyzed, with particular reference 
to the goals and orientation of ti^ unit, the structure and format of 
the textual materials, and suggested ^ays of using the unit. The 
textual analysis is directed toward the practical aspects of 
ioqplementing an enquiry unit«.In addition brief con^derati<ms 
concerning the E^ilosophical basis of this ai^roach are made. 
(Author/JR) 
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This paper constitutes an analysis of Honey Bee Communication: An 

2 

Enquiry into Two Conceptions of Animal Behavior , a unit of classroom 
discussion modules developed by the Patterns of Enquiry Project, the 
Ontario Institute for Studies in Education. The conceptual framework of 
the analysis consists of four major items (descriptive characteristics, 
theoretical orientation, instructional orientation, comparison and evaluation) 
and appropriate sub-items. In this study, an attempt is made to determine 
the significance of certain factors which migte aid in the prediction of 
curricular outcomes of the unit* 



The H oney Bee Communication unit consists of two booXs - a 
student edition and a teacher edition. The student edition Is printed on 
the right hand page, and the left hand page Is blank. The page Is divided 
vertically. In half, so that the left half contains the textual content. 
A distinguishing characteristic of this content Is the extensive use made 
of excerpts taken from original research reports. The original quotations 
£re linked together by connecting commentary. The right half contains a 
variety of Instructional Information and directions. Including additional 
information, questions and explanatory comments. The teacher edition 
contains the full student edition plus the teacher's introduction and the 
left hand page divide vertically, in t^lf • The left half contains 
tentative answers to the students* questions and the right half of the 
teacher page contains a running analys^j of the original quotations 
(Figure 1). Both editions also contain tables^ figures, and photographs 
keyed to specific sections of the text (figures 2, 3, 4). 

The teacher's introduction consists of the following six sections: 
Organization of the Unit, Goals of the Unit, Classroom Discussion, 
Purposes of the Guide, Orientation of the Unit, and Suggested Ways of Using 
the Unit. The students* introduction deals explicitly with two themes, 
knowledge and enquiry. 

Consistent with the purpose of the material as a discussion unit, the 
authors have stressed the textisal account and left the develofmient of 
appropriate laboratory activities for the teacher. Field trips, film 
strips, slides, etc. are not obligatory to the teaching of the unit and 
are left to the discretion of the teacher for use as supplementary aids. 
Ho special classroom facilities are required aiul the suggested time period 
for classroom use is weeks. 



3 



2. Cou/ue. Cofit^nt 

The Honey Bee Communication unit was designed for use la grades 9-13 
In any high school biology course or as a segment of a general science 
course. The content Is divided Into three parts (Figure 5). The first 
part, consisting of sections I and II, presents the original writings of 
Karl von Frlsch and exemplifies his conception of bee dances as a language 
for locating food. 

In section I the student Is Introduced to von Frlsch s Initial problem 
concerning bee dances and feeding habits. This problem Is two-fold, namely: 
How do bees communicate? and Do bees have a language? Various environmental 
aiul bee-speclflc componeu^s of the probl^s are Identified. Reports of 
^periments to test various hypotheses are presented and using the textual 
questions the student is invited to "make sense** of the logic of each 
investigation airi its resulting outcomes. Using the original writings as 
a source of data, the student is requested to collect evidence for an 
argument. This evidence involves identifying, interpreting and assessing - 
various aspects of von Frlsch* s enquiries. For example, question two 
Involves the identification of an hypottesis, an interpretation of its 
relationship to von Frlsch *s conception and an assessment of his testing 
procedures. Reports of experiments to test the following hypotheses are 
presented in section I: 

- that the round dance is a s3nBbol eomBunicating a source of nectar 
and the waggle dance is a symbol cooBunicdting a source of poll^ 
(Figure 4). 

* that bee dances conmunicate data about the distance of a food source 
from the hive. 

that round and waggle dances have meaning in terms of differing 
distances of the food source ^rom the hive (Figure 2). 

Von Frlsch interprets his findings resulting io claims that characteristics 
of foraging bee dances communicate various aspects of distance information 
to recruiter bees. Through the questioning procedure of tte unit, provision 



is made for the student to understand the claims the methods by which it 
vas derived and the tentative nature or warrantability of the claim. 

Section II introduces the student to further enquiries of von Frisch 
concerning the nature of bee communication. The hypotheses being tested are 
as follows: 

- that bees use olfaction to locate food - bees empty their scent 
organs in flight to provide a scent-path for recruits. 

- that bees receive direction as well as distance information from 
the dance - the direction of the straight run of the waggle dance » 
determined by orientation to the sun, communicates the direction 
of a food source (Figure 3). 

- Enq>hasis is placed upon student ui«!erstanding of the effect of guiding 
conceptions on experimental design, the nature of assumptions and the 
reliability of knowledge claims. Von Frisch concluded that bees communicate the 
direction of food sources from the hive in relation to the sun and that 
olfaction is not a guide to direction at great distances. 

The second part of the unit (sections III and IV) presents the orlgitial 
writings of Adrian Wenner and Dennis Johnson. These enquiries demonstrate 
an alternative conception of bee dances as an unused source of information 
about food location. 

In section III, the student is introduced to Wenner*s critical 
examination of von Frisch's conception of bee behavior. The major criticism 
was directed toward the effect von Frisch's conception had upon his experi- 
mental design. Wenner suggested that the design of the previous experiments 
excluded the degree to which olfaction could play an important role. He 
redesigned the experiment, tested von Frisch*s distance hypothesis, and his 
outcomes confined it. However, three further experiments with design 
modifications produced outcomes contrary to the "language" hypothesis. Thus, 
while not entirely rejecting von Frisch^s conc^tion, Wenner concluded that 
the experiment from which evidence was taten to support the dance "language" 
hypothesis was inadequately designed. In this section, the sti^ent 
investigates the challenges made upon a guiding conception atrf its effect 
upon experimental outcomes. The nature of "controls" and "artifacts" in 



experimentation, the revisionary nature of scientific outcomes, the partial 
interpretation of data, and the generation of new questions from investi- 
gations are the primary aspects of scientific enquiry treated. 

Section IV introduces the student to Johnson's critical examination of 
von Frisch's conception of bee behavior as innately patterned. At the 
outset, the reasons for Johnson's criticisms and indications of his guiding 
conception are sought. A description of an experiment designed to disprove 
the "language" hypothesis follows and provision is made for comparisons with 
von Frisch's and Wenner's experiments. Reports of experiments to test the 
hypothesis that conditioned responses (such as odor) play an important role 
in locating food sources are presented and the student is asked to assess 
Johnson's experin^ntal design, data collection and data interpretation. 
Johnson concludes his enquiry by claiming that the dance patterns do 
contain precise information but that bees fail to use this information 
with the same precision in locating food and that conditioned responses such * 
as local odor clues play an important role. The end of this section 
provides for student assessment of the adequacy of alternative guiding 
conceptions. 

The third part (sections V, VI, TII) of the unit consists of a com- 
parison of the alternative conceptions of bee behavior. Using research 
reports excerpted from a scientific journal, the authors have juxtaposed 
this material such that the nature of debate within the scientific community 
is presented to the student* 

Section V contains von Frisch's defence of his dance language 
conception. In the writings, he responds to the criticisms of Wenner and 
Johnson by criticising the design of their experiments and defending his 
own. He describes specific experimental techniques (eg. Wenner's method 
of training bees) which he claims resulted in errors of interpretation. 
Furthermore, he argues that his experiments were properly controlled in 
spite of the criticisms of his opponents and uses some of Uenner's data as 
support of the dance language hypothesis. The student is requested to assess 
the evidence cited and the form of his argument. 

In section VI, the original writings consist of a ser^e* o£ excerpts 
taken from a paper in whic^ Uenner ai^ Johnson collaborated to defend their 
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olfaction conception. Using more detail, they outlined their conception 
of how bees locate food sources. Distinct differences between the way 
they viewed the phenomena (as a "dynamic system") and von Frlsch's 
conception are expressed. The student is requested to search the report 
for terms Indicating the different conceptions and to formulate an 
argument concerning the adequacy of these diverse points of view. * The 
function of scientific debate and how It contributes to erqulry Is 
demonstrated. For example. In this section, the disagreement appears to be 
founded basically upon the differing guiding conceptions and resulting 
interpretations; hot^ver, the specific variations accrue from a question of 
adequately "controlling" within the experimental design. Wenner and 
Johnson argue that von Frisch's statement of the problem, design of 
experiment, collection and interpretation of data are primarily influenced 
by his guiding conception. Student investigation into the role of guiding 
conceptions and their assumptions is ^nphasized. 

Section VII introduces the student to Wenner 's and Johnson's test of 
the competing conceptions. Through^a report of their investigations, they 
attempt to disprove rather than confirm an hypothesis, test the assumptions 
underlying guiding conceptions, and thereby contrast the two hypotheses. 
The experimental procedures and collected data are reported and the student 
is requested to assess the adequacy of Its interpretation and resulting 
knowledge claims. The researchers claim that the experijnental outcomes 
supported the olfaction hypothesis but admit that there is a correlation 
between the dance manoeuvre and distance and direction travelled by foragers 
Having read much of the evidence presented by the major protagonists 
involved in the study of bee behavior, the student is invited to fornailate 
his own conceptions and support It with experimental evidence. 

An illustrated appendix presents some initial data and the experimental 
apparatus one might use to investigate bee behaviour from another point of 
view. It involves an enquiry into the role o£ bee sounds as a possible 
means of communication. No reports of experimentation are presented and it 
provides a starting point for student enquiry into the problem itself* 



1 1 • THEORETICAL OlllEHTATlON 



U Hationoitz 

There are no explicit statements in the Honey Bee Communication unit 

which assert the educational functions intended through use of these 

materials. Elsewhere, however, the project director has elaborated on the 
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curricular perspective of these modules . Primary emphasis is placed upon 
a liberal education in the disciplines of science as qpposed to but not 
the total exclusion of other kinds of education (eg. technical, professional, 
specialist, etc.). Connelly claims that a liberal education in biology can 
function so as to contribute to increased i^zejdom and poweA ulith AtSpZct 
to biology if that expeUence [is] ^tHJuctuAttd aacondlng to pnlnxiiptoM oi 
m^XjJiJu^ . He argues that the curricular significance of this power may be 
realized if biological knowledge is viewed in terms of its form and matter. 

I-tA iohm ih givzn by the. logiaaf rjUeAfU uied In miiuAy; its 
mattoA lb gMQn by thz iaati, hypothue^, and thzoKiu tiuxt 
make up tht exUilct oi biologic buno^edge. PcutteAns oi enqvuAy 
oKt KUtAiatdd in twmbvi and ^epiueM thz m^ctivtly diiiz/imt 
my6 oi vioiAiing biologic ^ubjzct matteA) on thz otheA hand, 
the iacJU, hypothoMCA, and thcohlu oKc maniiold, and they 
chof^e OK oAe suborned aA new, mo/te pomAitit knot^Jledge -c6 geneAoted, 
VaXteAM oi enquiAy exhibit stability and a/ie the ba6l& ion, a 
libeMt education in biology. They oAe the cjuJiAiaxtoA pmpec- 
tUoejs iKom tdiich ktudrntA may btudy the content oi biology. In 
ihont, the distinction beAoeen ionm oi enquiAy and the conceptual 
and iactual matteAA oi biology pAovideA ioA a cjuJiAjjCJulum having 
a itable inamemAk mthin lAriilch to tAeat the voAiable content oi 
biology. ^ 

The stable framework is based on principles of enquiry (guiding conceptions) 
and their respective patterns. The structural components of a pattern of 
enquiry are represented in the way pHX)bleM are bounded for enquiry, the kind 
of data which pass as evidence, the way inteApKetotionA of the evidence are made 
and the terms in which knouiledge outcomes are stated. Enquiry, in this 
view, is a iom oi knouiledge OA exJpeAUnced by the scientist and his 
research accounts are records of the process in which he comes to an 
understanding about the world. The outcomes of that process are the 
knowledge claims which are considered as assertions or propositions contingent 



8 



upon the components of enquiry. Connelly states that the currlcular 
significance of this philosophy resides in the degree to which biology as a 
form of knowledge experienced by researchers can become a form of knowledge 
experienced by students. 

The content of Honey Bee Communication suggests that the unit reflects this 
rationale. The use of two competing theories of bee feeding behavior permits the 
student to examine the components of enquiries and judge the adequacy of their 
outcomes. This orientation stresses the way in which biology contributes to the 
social and intellectual activities of the individual student. Such an emphasis 
could be said to reflect the aims of a liberal education . 

The teacher's edition specifies that this unit contributes to four goals 
of science education. The potential for achieving these objectives can be 
determined by examining the content and by examining its mode of Instruction. 
The latter will be discussed in another section of this paper. 

Goat U An imdeMtanding oi tht majOK theo>ue6 oi hanzy bee 

The content of Honey Bee Communication presents the major theories of bee 
feeding behavior by means of the original enquiries of von Frisch, Wenner 
and Johnson. The patterns of enquiry which contributed to the formulation 
of these theories are represented in detail. 

Goal 2. An ixMoMtandJufiQ oi tht paAt& (eg. pn^blem, iaat, 

htteAp^ttation) oi paXJt^AM oi miiuAy and Iwia tha^t 
patte/iM coYvUiihixtz to tht "4;£tttuA" ol knouittdgt cJLoUm. 

The structural components of patterns of enquiry can be identified in all 
sections of the unit. The format of the original writings, students' 
questions^ possible answers, and analyses contribute to their identification. 
For example, the following pattern of enquiry is located in section I: 

Table 1. von Frlsch's Pattern of Enquiry 

1, Guiding Conception His conception Is that bees communicate 

by dancing to recruit food-gatherers and 
thus balance the number of foragers with 
the amount of food available. 
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How do bees communicate? Do bees have 
a language? 

Data collected Include the geometrical 
movements of bees which have returned to 
the hive and the number of foraging 
newcomers which subsequently appear at 
a distant feeding place. 

The distance of the feeding place is 
indicated by the "waggle run frequency" 
of bee dances. 

He claims that bees do have a language 
- the symbols of which are reflected in 
components of the dance. 

According to the teacher's introduction, understanding the status of a knowledge 

claim requires a determination of its validity and reliability. The validity 

of a claim refers to its significance in explaining biological phenomena. 

Reliability refers to its accuracy in accounting for phenomena. The unit makes 

provision for such determinations by the extensive use of the original writings 

of honey bee researchers. For example, von Frisch^s claim that bees communicate 

distance information by means of a dance "language" is valid since, if it is 

correct, it helps to Explain their behaviour. However, the reliability of the 

claim is lov* since Wenner and Johnson present other legitimate interpretations 

of the dat 

Goat 3. Tfee KzadinQ kklliM and hab/jU oi mind that atlou) a 
Student to KtcoveA tht mmning oi feno^edge ctaim. 

In this unit, the use of original research writings provides for the 
recovery of meaning of biological knowledge independent of a curriculum 
writer. The student is freed from the constraints of interpretation by a 
textbook author and with a grasp of the conceptual framework of enquiry the 
student could discover meaning independent of the teacher. 

Goal 4. Tfee tvaluatlvz skUJU and hatUti oi mind that aZloi^ a 
6tudtnt to a66U6 the, 6tatiu oi knoiotedge. claims. 

Honey Bee Communication presents alternative patterns of enquiry which 
produce diverse knowledge outcomes. Given that a student understands how 
each pattern yielded its interpretations, the unit provides for the con- 
trastlng of enquiries for assessment of logical consistency, phenomena-concept 



2. Problem, 

3. Data 

4. Interpretation 

5. Knowledge Outcome 
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correspondence, postulatlonal outcomes, etc. Part three, containing the 
criticisms and defences of the enquirers is a case in point. The following 
questions (from section VII) solicit the use of these skills: Upon VJhot 
aiiumption l& thU Atatmznt boAed? iHhat tonczptlon oi bee ^eecicng bzhtwion 

oizd 04 a b<uli ion. geMOAotlng thuz txpzKmoyvtal pxoczduAul iikuih 
pLQxiictioM ajie. ^appofUed by the. data and uritich oAo. not? 

Consistent with his view of organizing cur" -terials with 

res lect to forms of enquiry, Connelly asserts L .he latter three goals 
reflect elements of the power of these principles in the liberal education 
of an individual. In general, the content of the unit and its objectives 
are consistent with the rationale • 



V 
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III INSTRUCTIONAL ORIENTATION 



1 . Yi&t/uictionat ThQ,o^y 

Thc^ teaching strategy Intended for instruction using this unit is 
described in the teacher's introduction as EnqaiAy into EnquAAy* Connelly 
describes some principles of this theory of instruction as follows: 

WhiZz tht mate/iiaJU fjo^ an znqiUjiy InAVwctioml mode ^.z^tzct 
debate. mXhJin the. iiztd, onqtJUAtf l^jSt/uicjUon gznoAcutu debate 
uUXhin tht cJt(U6^oom. Clous>&Koom dtbatt czntoAA on tfie anatomy 
0^ a pattzAn oi znqixUm and it6 ^unction6 in thz oumIcjuIo/l 
KtcjovzAxj oi mtantng o^ fewoca£edge dtaUm* VoK In^tandt, dtptnd- 
AjiQ on u)hat pa^t^ OjJ thz papoA a/it cfco4en oa evidence, ifeeAe 
may be ^eve^ an^^vooM to the. 64jmptt que/>tion "What U tht 
p/Lobtm mdtfi invuttgation." The. dtbatt genoAjoted in a aom- 
pajvativt d^iencz and anaty6i6 oi zack anmoA in thz context 
oi a ^eoAcfi ^on, thz but, i.z, most adzquatz, anAvo^ aoyUititutu 
an znjquAJuy into znquOiy dl&cMSijon. Stadtnts oKt aikzd to baitd 
OAgmznts ^OA th(UA positions tuing ev-cdenee ^>tom thz papoA. 
Thty oAt a6kzd to hojoA thz oAgummti othzA itudznts and to 
compoAt thz adzquaay tl^^eJA oAgumznti ^oA making 6zn6z o^ thz 
pattzAn oi znqiUAy <u a diotz* And tkzy OAt a&kzd, ii nzazAAoAy, 
to Mthhold judgmznt and to tzt dtvzH/^itij stand pzndlng dUcMSion 
oi thz zntiAz pattzAn o^ znqiuAy; its gatdtng conczption, AzqutAzd 
and coitzctzd data, intzApAztation, statzjmznt qi outaomz, and thz 
Hjotd ptayzd by thz phinctplz. and pAoblzm o/tea. 

€nqiUAy into EnqaiAy is seen as a method of discussion Involving the active 
participation of students toward a search for Knowledge and a mastery of 
skills* * It allows for the use of these skills throi^h an engagement In the 
intellectual activities of thought and communication. As such, the instruc- 
tional mode contributes to the objectives of the unit and its function In a 
liberal education* 

2. EtzmzntA o^ InstAuctionat ThzoAy 

The format of the Honey Bee Communication unit is conducive to an enquiry 
discussion process. The original writings consist of debate materials, the 
questions are exemplary of biological enquiry, and the sequence of sections is 
appropriate to the development of knowledge concerning bee behavior* The way 
Q in which student -* teacher -* materials interactions could occur can be demon*- 

ERIC 
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strated from section II (Figure 1). For example, the teacher could ask, 
"What hypothesis is von Frisch proposing to test?" The question forms 
the basis of a pKobtom for each student. Other aspects of that problem 
are: "How can I find out?" How will I know that this is the 
hypothesis?" "What is an hypothesis?" Etc., etc. By identify- 
ing and verbalizing certain phrases in the textual materials, the student 
hypothuizu a soluclon to the problem. In this case, he may state, "Von 
Frisch 's hypothesis is that bees use olfaction to locate food." Another 
student, who has looked elsewhere might assert the following, "His hypothesis 
is that bees receive direction as well as distance information from the dance. 
Each participant then seeks specific terms, words, or phrases which are dafa 
relevant to the problem and act as evidence supportive of his hypothesis. 
Varying intoApKeXationb of these data could be made during argument requiring 
a search for further data or a revision of original hypotheses. This argu- 
mentative phase of the instructional process reflects the debates which 
exist within the scientific community about competing theories. The out- 
comes of such a* procedure aiae the cZoim each student makes regarding what 
he knows about the problem. Furthermore, this instructional process pro- 
vides for some degree of understanding of how he acquired that knowledge. 
Within the discussion group, the outcomes of an argument could terminate 
as consensus among group members or as informed choices by individuals 
concerning alternative knowledge claims. - 

The teacher's introduction describes the role of the teacher in enquiry 
discussion as critical* Clearly, two prerequisite functions for the teacher 
would be an understanding and assimilation of a mode of analysis appropriate 
to biological enquiry and the development of effective techniques of discus- 
sion. The project has produced a 16 m.u. film, EnqaOiy l¥\to iftqiuHy, and 
the teacher's edition of the unit to contribute to these activities. A 
manual, prepared for teacher education, accompanies the film and provides 
background information, analysis of the discussion, and topics for teacher 
discussion. 

Within the discussion (according to the teacher*s introduction), the 
teacher's authority is directed toward the Miy arguments are advanced. In 
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this capacity, he is to indicate the soundness of the argument , the nature 
of the evidence, the logical connections with the general problem etc. 
In general, the teacher assists students in building arguments. Transcripts 
from the filmed class discussion are presented in the manual and techniques 
of conducting the discussion are analyzed* 

As indicated previously, the Honey Bee Coromunicatioa unit has a format 
which facilitates a discussion mode. The student questions, textual material 
to be analysed, analysis, and possible answers are presented as columns on 
opposing pages (Figure 1) . This style would aid the teacher who is naive 
to this type of instruction. Considering the discussion problem presented 
by the teacher (above), the following subsequent questions could be used 
to direct instruction: 

"What evidence from the writings supports your statement?" 
"Compare your evidence with that used by X in his argument." 
"What evidence is there that both arguments are possible solutions 
to the problem?" 

If this type of procedure were used, the teacher could shape and refine the 
students* arts and skills of recovering meaning and hence contribute to goals 
three and four. 



14 



W COMPARISON m EVKLUmON 



1, ?hlto6ophicat Stancz 

Although many of the new secondary school science curricula cite "an 
understanding of the nature of scientific enquiry" as a major objective. 
Herron has found that three major curriculum projects (PSSC, CHEM Study, 
BSCS Blue) contain very limited conceptions of and diverse accounts of 
enquiry.^ Having developed a conceptual f rameworfc^qr analyzing accounts 
of scientific enquity, he tested it on four xmionabty campUtz and cohiAznt 
divdAgtnt accounU AcLtnUilc mqiuAy (those of Dewey, Einstein, Pierce 
and Whewell) before applying it to the science curricula. His scheme inr 
volved the identification of five "commonplaces" of enquiry - Agent, Method, 
Scientific Data, Scientific Knowledge, Dynamics of Revision - and appropriate 
subcategories. He found his scheme to be compatible with the variety of 
conceptions of the "scientist-philosophers" yet very poorly represented In 
the modem science curricula. These outcomes, coupled with those of a 
study involving science teachers, led him to conclude that the current 
opcAcvUonal mzULvmuA . . , [oi tzacUng] . • . "science oA mqulny" U 
lUghty qutitixjnablt. 

The philosophical stance of a science Curriculum may be regarded as 
the uxiy in which it presents a "structure of scientific knowledge." It is 
the manner in which conceptual knowledge structures are presented which 
allows one to assess its philosophical position. This tmit consistently 
presents knowledge claims as contingent upon the substantive structures 
governing the enquiry, the discrimination of data as dependent upon starting 
points, the diversity of verification and discovery processes, the cognitive 
biases of enquirers, the nature of debate, and the revlsionary aspect of 
scientific knowledge. In short, it demonstrates substantial elements o£ 
Herron's "commonplaces" of enquiry. Furthemere^ the unit presents sciaace 
as student enquiry. Through use of the original research reports and as 
anquiry node of instruction, it cam provlda for student involvenent in the 
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enquiry process. These same elements of enqul^ can, thus, become "common- 
places" of Instruction. In this respect, the philosophical stance of the 
unit may b^^come not only a view of enquiry but an experience of it. Connelly 
asset Ls that this experience can yield a: 

• . . iztond-oKdzK knot/otzdgt [whick] cdUam ioK thz cwuUc^jita/L 
CLi6e66mtnt tht ujaAHjontabUlty a kifiovoltdgt clcum; ^OK cn 
u^u^ment ol tht gKomding KzZaZLorisliip cJUUm In ({acx, 

and ioK tka cu/uUcula/i a&^e>S6ment tht conatptlon and pattoAn 
oi ZYiquiAy that placu and qIvu mzaning to tht cZaJjn.^ 

An examination of the written material of this unit indicates that it has . 

the potential for achieving this. 

2. SaUabWXy ^oK Ivitzndzd Studznt PopaJtatlom - 

The rationale guiding the development of this modular unit and the broad 
population for which it is intended suggest that considerable attention be directed 
toward specific situations in which it is to be used. Furthermore, the way in which 
It is used with various student groups is an important factor in assessing 
this dimension. This unit is not intended for a full course of studies nor 
does it constitute a full semester's work. It could, however, become a 
substantial portion of a one semester general science course. 

The content of the unit represents an in-depth treatment of a topic 
in animal behavior. For a younger student pop^lauion, it could provide for 
a major in-depth portion of a general survey course in biology. For an 
advanced science course it might constitute one aspect of other similar 
studies* The realing level is appropriate for a grade ten student, although 
certain terms in the original writings may require son^ investigation as 
to specific usage. The consistent tise of such terms throughout the textual 
material of the unit facilitates the understanding of terms in con 

The sequence of sections is appropriate to the development of knowledge 
of bee behavior and to the enquiry theme of the unit* Von^Frisch's enquiries 
are presented, then the challenging enquiries of Wenner and Johnson, and 
finally the subsequent debate. The nature of the student questions is ap- 
propriate to this development. 

The unit appears most suitable for grades tei to twelve but could be 
adapted to fit one grade higher or lower* 
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3. CompoAAAon With OthzK CvjiaIcjuIol 



Comparison of five popular biology textbooks with Honey Bee CouBPunication 
yielded the following information concerning the nature of enquiry into bee 
feeding behavior: 

Table II 



Text 


^Guiding 
Conception 


Problem 


Data 


Interpretation 


Knowledge 
Clain^ 


BSCS Green 












BSCS Blue 




* 




* 


* 


BSCS Yellow 








* 


* 


Modern Biology 










* 


Biology 




* 




* 


* 


H.B. Communication 








* 


* 



erJc 



BSCS GKZen ^^ does not deal with bee feeding behavior, Uodznn Biology 
considers only the knowledge- outcomes of von Frisch and treats his enquiry 
as a discovery of facts. The following statements exemplify the treatment: 

Evidmaz indiavtu that bzu cjormmioivU mth om onotheA through 
tht coAAying out a£ a cjomptiojotzd ^et dmcu* (flhen a mnkoA 
KztxjJiM to the. hivz, 6he, can inborn thz oXkeA mnktu oi titt bind 
and amount oi nzcJtoK avaiZabtt, hou) ^OA cmjy it i6, and in what 
dVizcZion. To do thiA, 6ht danced on tht \fVUUcjal 4a/t^ace oi thz 
conAr' 

No mention of the enquirers, conceptions, problem^ data or interpretations 
are made. According to this account, the outcomes are conclusive discoveries 
which have achieved the status of "fact." The curricular inq>li cation is 
that such outcomes are "facts t^learaed" becaiise they are "facts which are 
known." 

Biology considers primarily the knowledge outcomes of von Frisch and 
treats his enquiry as a discovery of facts. It appears to consider the bee 
communication problem as one of continuing discovery. For example, It does 
not. seem to consider the enquiries of Wenner and Johnson as campetitlve but 
as complimentary to von Frisch *s conception* Consider the following state* 
oents : 

TuAAiiVi zxpzHAMzntA clzoAly KzwMlzd thz mthod by idiich a mnkzA 
bee eon djjizct othzH4 to thz AouAaz iood. l^Jhz tooggie dmzz 
intZAp^ztation iA g^yen) , , . SzvzMl recent Z7i^pvUmnt& i^catz 
that bzzA may alio mz otiizK eJUm in locating iood. Suok tiUn^i 
OA hlvz odou ojnd iood imoHA may bz cJtuzA that aJtkO hzlp bzu efHlznt 
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Idea. '2 

This text sumniarlzes the knowledge outcomes of all enquirers in a 
marginal note of the teacher's edition in a form suggestive of one compre- 
hensive theory which is gradually becoming more completely understood 
with the contributory outcomes of each investigation. 

BSCS VeULouO ^^ presents a diagramatic illustration of the problem of 
bee feeding behavior and indicates that Wenner and Johnson produce different 
outcomes than von Frisch. A number of "open-ended" questions are presented 
which suggest this to be an Important part of enquiry and that the outcomes 
are somewhat tentative. However^ no actual data is provided for the student 
to make his own Interpretation. 

BSCS Bluz presents, in detail, the distance-direction theory of von Frisch 
and» to a lesser extent » it outlines Wenner's and Johnson's alternative theory. 
Consider 9 for example « the following statements: 

Ti tki& theory pnovoM conAiLct, faee6 a&z thz m^t ah&tnact mtthod 
oi cowrnxnicatlon oi any avUmZ otiiui than man* Sam neio eu^dence 
ha& appea/itd, hmtveA^ that Augge^U ^liiat thz danat dooM wot com- 
mojiccltCe dL^tancz ok dJUitctLon to a ^ood 6ovjiqz ... An attz/inatt 
theonjj JU thoAz^oKZ boJing ionmd to zxpVibi hoto thz baoM tacatt tkt 
£ood 40u>ice. 

Although this text represents the nature of bee feeding ^quiry in a more 
valid form than the four previously mentioned texts » it concludes with 
the following statements: 

Voa can ^ee thm that doaht htJUtJL txUt^ about how bau cjonmxnicatt. 
What cau&zd thl6 doubt to dtvoZop? Could dlUeJiejfit vanlztldA oi btu 
pHodacz dlUoAznt KUuJUUl What about a diiioAentz In thz beei* en- 
vVwmmtl Ok a dliiwrntz in the my the expeAAmntb weAe deAlgned? 
WeJui alt vaAAJxblt& i/oett cjont/iolUd, {oK exampt^? Could the Sme 
geneAol cbseKvatlons be Intenpneted dU^iienentty bu dtiiejiejnt ob^eAveMf 
Which theory i& night ok can they both be Ki^ht?^^ 

But the text provides no original data» no indication that the enquirers' 
viewed the problem differently^ no comparative outlines of the differing 
experimental designs. How« then* can the studmt answer such 
questions? What provision has been made for thtf student to "see thae doubt 
• • • exists"? What provision have the authors made for the sti^^t to know? 
The curricular outcomes of these questions are not that diversity of knowledge 
claims can exist because of diverse ei^uiries« These questions are "open- 
ended" in the sense that no me«s for finding m^mts been provided* 
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And finally, consider the following concluding statements of this section 
in the text: 

Vou might a&k, "Do bee* fLioJUy commnlcatzV* Thz oniweA must 
be "Yes." OthtfuoUz, theJjL hlghtu ofiganlzzd &ocizty and thtifi 
coAte. Ay&tm mold be <mpo6&JJbtz.'^ 

This author would claim that such statements are inadmissable in a book which 
claims to demonstrate the nature of scientific enquiry. They are interpre- 
tations devoid of factual data and, in a curricular sense, restrict student 
freedom with respect to these ideas. Such statements provide inaccurate 
"second-order knowledge" about the nature of scientific enquiry. 

Examination of these various textual accounts indicates that Honey Bee 
Communication g ives the most adequate account of bee f ee-.lng behaviour as 
It is currently known and the most appropriate account of how it is known. 
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OUTCOMES 

The data for this analysis has been obtained from the Honey Bee 
Communication unit materials and the additional sources cited. The 
conceptual scheme provided a useful means for description and evaluation. 

The unit presents an in-depth treatment of biological knowledge 
concerning bee feeding behavior and the nature of the enquiries generating 
that knowledge. The content of the materials and the stated objectives 
are consistent with the rationale of the project. The potential for 
achieving the objectives depends » in part, upon the use of an enquiry 
discussion as instructional mode. The materials contribute to such a ^ 
teaching strategy and to the philosophical stance of the project. The 
unit appears most suitable for grades ten to twelve. In contrast ta 
five popular biology textbooks. Honey Bee Communication is most 
adequate and appropriate for the content considered. 



20 



Bibliography and Collected Footnotes 



1. This paper was presented at the Science Teachers' Association of 
Ontario Conference (Toronto, November 4/72) and at the National 
Science Teachers' Association Convention (Detroit, April 2/73). 

2. Palmer, W. & Dienes, B. (principal writers)) Honey Bee C onmiunication; 
An Enquiry into Two Conceptions of Animal Behavior (1972) . a unit of 
classroom discussion modules developed by the Patterns of Enquiry Project 
F.M. Connelly (director). Department of Curriculum, The Ontario Institute 
for Studies in Education. 

3. Connelly, F.M. "Liberal Education in Biology: An Enquiry Perspective," 
The American Biology Teacher . Vol. 34, No. 7 (1972), pp. 385-388, 391. 

4. IBID, p. 386. 



5. IBID , p. 387 



6. Schv-ab outlines the characteristics of science teaching and its 
relationship to the aims of a liberal education in the following 
publication: "The teaching of Science as Enquiry," The Teaching 

of Science , J.J. Schwab and P.F. Brandwein, Harvard University Press 
(1962), pp. 3-103. 

7. Connelly, F.M. "Patterns of Enquiry and Conceptual Knowledge 
Structures in the Curriculum," Unpublished Paper (1971), The Ontario 
Institute for Studies in Education, Toronto, p. 19. 

8. Herron, M.D. "The Nature of Scientific Enquiry," School Review (1971), 
pp. 170-212. 

9. Connelly, F.M. 0£. cit (1971) p. 4. 

10. BSCS Green Version. High School Biology (2nd Ed.) (1968), Band McNally 
Co., Boulder, Colorado. 

11. Otto, J.H. & Towle, A. Modem Biology (1969) 
Holt, Rlnehart & Winston, New York. pp. 449-450. 

12. Smallwood, W.L. & Green, E.R. Biology (1968) 
Silver Burdette Co., New Jersey, pp. 636-637. 

13. BSCS Yellow Version. Biological Science; An I nquiry into Life (2nd Ed.) 
(1968) Harcourt, Brace & World, Inc., N.Y. pp. 656-657. 

14. BSCS Blue Version. Biological Science; Molecules to Man (2nd Ed.) 
(1968) Houghtrm Ittfflln Co., Boston, p. 714. 

15. Ibid, . p. 714. 



16. Ibid ., p. 714. 



21 



APPENDIX 



ERIC 



1 



Figure 1 - Teachers 



24T 



Answers to Questions 



Sttctio* II: W«CB DO BEES USE TO U)CATE 

UMCtlAGE OR OLFACnOHt VtW FRI 
Fiia EJPEKMEHTS^ 



2. 



H« is actually propositi* to test two hypotheses: 
(a) The null hypothesis (I.e., the on« that he 

expects to disprove) Is that bees use olfaction 

to locate food. 
(b> His hypothesis is that b«« receive direction 

as veil as distance information fro« the 

dance. 

He added sore observation rosts 1a different 
directions 



1.0 Von Frlsch continued to consider both Uiwtiafe 
and olfaction hy|>otlieses> 



i.l In order to test these conpeting hypotheses, he 
set up additional obscrvatloa po«ts in different 
directions fro« the hive. 



l.U Me found that »ost recrulU went to the observation 
post (scented dish) aost proxUate to the feeding 
place of the trained forager*. 



1.0 The question vhether tfc« neDoo^rs are 
receiving infomatim td>out the dittmae of 
feedins plaoe by the ianse^ or whether they 
guided into 1^ nei^hbovathood of the eolle 
by fieme of their ecent orgm» was detemi~ 
experOnenU rjy^i to he diemm^ed,^ I thought 
obeerwition poete at the eetne dietmoe m th 
plaae, hut in a differ&it direction^ would a 
whether heee knew in dhi^ Mreotion they 
aear^ £>r whether 0isy merely fotl&Jed theii 

I A The arransement of t?tc experiment^ reffi 
before, but i9e*^<0ded fia^r thaer&ation 
the mh of Auguet 2B44, a gro\^ of aepen 
bf^a of a krafw eoUny at.S (in a Zam^r 
wlleoted at t?w feeding plaae F at a die 
ISO w. The baee of the dieh wcm eomited wi 
drepa of peppermint oil, A peppermint ac 
waa placed in the graee at fovcr cbeertfoticn 
whoae petition ia ahoM in Hg. In the 
during we fed the meitered beee with 

1. U molar eolutian, 10$ nmaemmra arrived 
killed, Durif^ acme hour and the fol 
hour to beea arrived at the t^aervatign poe 
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*wtt Frlsch, Daneet of Hooey Bees, 19-31. 



Figure 1 - Teachers Edition Pages 24T - 24 



S«ctlMi 11*. WHICH 00 BEES USE TO U)CATE FOOB: 

lAHCUAGE OR OLFACTION? VOH FRISCH'S 



FAS EX'»ERIHENTS 



itlon 



J.O The question whether the new<xtnere are r^llv 
p^aeivins: infomation about the distmae of the 
feedino place by the dctncei or whether they ax^ onl^ 
auidedinto the neighbourhood of the oolUft^ne vlaae 
h ^^!xm of their scent organ, was devermned by 
exDerOnenU r,o>J to he dieaussed.* I thcught that 
observation vosts at the sane distance as the teedtng 
place, but in i differew^ aieetstion, ^JouUsfuju 
whet^isr bees knew in uki<^ direcHan they had ^o 
sscu'ch or tJhether they r^^rely follcued the%r' nos^. 

2.1 The arranoerr^nt of the expeHnenl^ remained as 
he fore, but we added fur^er observation vasts. On 
the leth of AuQust 1944, a group of sev^ nxt^erea 
lees of a 'KiHziner colony at B (in a Zaytder hvve) 
aoitected at th-^. feeding place Fata dtstm^ of 
150 ^ The base of the dish Das scented with a fehs 
^rops of -^rr^mint oiU A peppermint s^Ud plate 
tjos placed in the grass at four observation posts 
jhose position ie sho^n in Hg. 9. In ^ one hour 
duriruj Mah we fed the nufbered bees ^th a 2 

2.22 r^tar solution, 106 ne^ccmers arrti^d and 
killed. Di^ng the sopts hour and the follaotng naif- 
^our 20 bees arrived at the observation post U m. 



♦l. What hypothesis U von Frisch proposing to t««t? 



42. «<» has h« «lt«r«d his expetlaentsl dmsignt 



'*vo« Frisch, l>snc«s of Money »€«s, 19-31. 



Figure 2 - Experimental Data 



Experimeat No. 



7 

8 «nd 0 

10 

U 

13 

16 
17, 18 
19. 20 

21 

23 

24 

28 

28 

31 

34 

37 



8.8.45 
11 «nd 12.8 

U.8 

14.8 

15.8 

16.8 

16.8 
17 fttid 18.8 

18.8 

18.8 

19.8 

19*8 
. 21.8 

21.8 

22.8 

23.8 



TABLE 3 



DitUnce of feeding 
pUeo from hive 



Average No. of 
wftggle nms per 15 eoce. 



100 tn. 

150 m. 

200 m. 

300 m. 

400 m. 

500 m. 

600 m. 

700 m. 

850 mJ 

90^ m. 
IOC, m. 
1100 m. 
1200 m. 
1300 m. 
1400 m. 
1500 m. 



No, of individual 
observations on which 
the average is based 



9 
12 
18 
29 
24 
3i 
33 
23 
34 
33 
30 
37 
15 
54 
88 
31 



i Instead of *t 800 m., where there was • ewamp. 



Figure 3 - Bee Communication of 
Direction 



HIVE 
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FOOD ^^Ace 



ftAHCt 5 




HIVE FOOOPLACt 




&>i*tce 



\ wvt 



® 



sun 
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Four ex«np!«i of Indication of diroction, Tho mm m to the ftoiith* 
MHt of the hivo. Tlio dmpfiim in cnrh lowor loft linml rornrf iiIiowm 
nelioniAticAUy Uio diroction of tho wAgglo dime© for a given position 
of the feeding plivce* 



Figure A - Bee Dances 




ROUND D^CE, performeil liy moving in 
■IternattnK ctrrlctt to the left and to the 
riiht, ii used by honeybees to indtcite the 
presence of a nectar source .neir the hire* 




WAGGING DANCE iitdirsiteii dinttfure snd 
direction of « nectar source farther sway. 
Bee moves in a straight line, wagging her 
abdomen* then returns to her starting point. 
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